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lose ave ewes ot sa Cet tAlmM oparametric form (e.g... 
normal) then statistical inferences can b6® drawn using 
Parametric analysiée (e@.q.. the t test). On the other hand, 
1f one assumes random sampling without making parametric 
assumptions about the underlying aie/s (Ul ee fala then 


nonparametric statistical tests can be used fe.g.. the e1qn 
test, These assumptions may not be valid ain many 
practical experimental and data analysis situations, making 


the asezociated statistical test= of questionable validity. 


Randomization tests are etatistical tests ely 
Slanificance that de not require random sampling ete 
parametric distributional characteristics. Fimo sa. Moe 
Fisher first demonstrated the use of randomizatian test= in 


an experiment involving "Zensery discrimination” between two 
treatments CRef. i The experiment wast described as 
follows: 
A lady declares that by tasting a cup of tea made with 
(ease Amecmoech amr mate whether the @milk or the tea 


Infusion was first added to the cup .. . . Qur experiment 
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== 


-0 


four im tne Gencr 
judgement in ara 
the &) Cups teas 
the treatment 


the subiect for 
nd Kk 1S £Q Vor rae 
wo sets af 4, agreeing. if possible, with 
ce 

Given 70 ways of choosing a grour af 4 abjects from 8, 


Fa 


ti} 


iD 


her argued that, since the cups wer® omresented in a 
randam order, each of the 70 ways could be chasen bv mere 
chance with a probability of Lye. He then supposed = an 


ebserved outcome of = right apewe “oore. Rased on the 


limits of a null Hypothesis that the subject posses 
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Sensory discrimination as claimed. Fisher nmoted that the 
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) wavs and that a better result, 4 right, could have 


occurred in one additional way. Fisher therefore cancluded 
that the sianificance of the suppesed autcome was 17/70, 
[Ret. 1] 

Since Fizher’s demonstration of their oractical tses, 
randomization tests have been apnlied in a variety oaf 
statistical contexts. These applications aiunclude tamong 
mthers) the two sample comparizton of means. analvsis of 


Variance, analysis of covariance. tests for correlation. 
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for trend. and regression analysis (CRef. =e 
ae 7 eee In general. randomization test procedures involve 
(a) repeatedly dividing or permuting the experimental data 
(and for this reason randomization tetts are sometimes 
referred to as permutation tests). (b) coamputing a test 
statistic for each division or permutation, and (e% 


comparina the observed experimental test statistic te the 
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eane-wayv amalysi=e of variance. For each, Monte far Lo 
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Tonditians’ the size, power, and robustness of randomization 
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In performing randemization tests. the significance 
level ie derived fram a comparison of the calculated test 
statistic with the test statistics oabtained from reneated 
permutations of the data. Therefore, these tests doa not 
denvend on adarametric distributional characteristics oat the 
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those reauired tor other tests of Significance. We comment 
on the soposition to using randomization tests. followed by 
2 look at alternatives or approximations historically used 
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Eddington and Strain (Fef. 4:0. 897 have argued that 
randomization tests are the only valid statistical tests 
when randomized samples have been obtained. TQ gain an 
understanding of the difference between randam sampling = and 
randomized samples, recall that a random sa2mole 18 A 


“sequence of n independent and identically distributed 


random variables X1, X2, .. . 0. Xa." CERPef. 2:9. S23) In 


aracmuce. Gata are drawn from SF pcepulation usin some formal 
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method. euch as rolling adie. drawing mumbers trom a table 
of random numbers, er calling a computer randam number 
generator. For finite sapulations. random sampling theory 
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equally likely to have been chasen in the sample CFref. tie 
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tests tnder the assumptian oF randamized amples can be 


ist 


illustrated By S8xamining the general orocedures. a: 


previously described. the level of sSiaqnificancse obtained in 
randomization tests is found by comparing the ocbzazerved test 


Statistic to the test statistics obtained from the permuted 
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data. For example, in Fisher’s exoneriment, the test 
statistic wat the mumber af correct responses. The 


“observed test etatistic® (TZ right) was the teet eBtatisztic 
derived from the supposed exnmerimental outcome, FT right amd 
1 wrong. This observed test statistic was comoarsd against 
&4ll possible ways in which carrect responses could have 
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equally likely to have been any member of this sample epace. 
Thee. the regquirement= of random fampling theory are 
indirectly satistied and valid statistical inferences can be 
made. 

In many practical axoperimental Sltuations ait may be 
impoesible to select random samples fram a given population 
about which statistical inferences are to be made. Lhe S 
case randomized samples mav be a viable alternative and 
randomization tests may be applied. For xample, consider 
an experiment in which it 18s desired ta test whether the 
average course grade given by Frofessor A 18S greater than 
the average course grade given bY Frofessor Sir 
Theoretically, if random samples are to be taken, then the 
populations from which the samnles must be randomly selected 
are all the students who Save taken and completed the 
courses together with all those students who will take and 
complete the two professors* courses. Random sampling from 


these pooulations 12 infeasible and a statistical test which 


ASSUMES random samples may be invalid. However, the method 
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of randomized samples could be used. In this case. A group 
of students could be selected (nat mecessarily at random) 
and randomly assigned to take elther sf the two courses. 
The observations obtained from the experiment represent a 


randomized szamole and a randomization test could be used ele) 


male statistical inference=e about the average course grades. 
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the commonly used Nevman-Fearson orocedure ot hypothesis 
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The major cbyectian te using randomization tests iin 
their 2arly development was the number of calculations 
required ta perform them [Ref. 4:0. 99°]. Randomization tast 
procedures require that the observed data be repeatediy 
divided or permuted. and that a test statistic be camputed 
for Bach division or permutation. Then clearly, the number 
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Sions required in performing a randomization test 


1s dirragt ly pr aportional nets en eceeaetine et of diwlsilons or 


Hermutations. Since permutations factually Combinations) 
are involved. then the number of calculations required S26) 


perform a randomization test increases very rapidly for even 
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experiment above. An aopropriate test statistic for the 
comparison of two treatment means is the arithmetic 
difference in means. Suomnese that 10 students are selected 
(again, mot necessarily at random? and randamlv assiaqned to 
the two oprotessor=* classes. Assume further that = students 


are assianed to Froftessor A*sS class and 3 to Frofesear Bs 


class. and that at the conclusion Gf the Glass Sericaceeoe sce 


of qrades is soserved., From the mbserved grades, R 
difference in meane 15 comouted. This difference serves as 
the observed test statistic. In this experiment {as ps 


Fisher" s experiment). determining the siaqnificance of the 


observed test statistic requires determining test statistic: 
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for each way in which the observed aqrades could have 


Oc ellakeG = This imvolves the Alinber ee: Ways “in which 1 


ok jects can be assianed 3 at a time which is 10! 73'S! or 2352 
WAYS. For gach of these 222 ways, a test statistic (the 
difference in means) 15 computed. Although this may not 


seem to be a significant number of computations, consider 


cases where the sample slzes increase. For twecegretias of he 
students each. the computations became 20!/190!'10! which 158 
1S42a2S6. For two qrouns of 29 each. the result is 


approximately 1.28x190%% difference in means computations. 
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As the above numerical examples illustrate. FRE number 
ot combinatians and the subsequent calculations which may be 


required in performing randomization tests increates quite 
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rapidly with increases im sample size. With todasy*= high 
speed computers. the above example calculatians seem Iless 
formidable. However, comnared with other parametric and 
nonoparanetric tests. the computer time and costs required to 
perform randomization tests continue ta have same impact oan 
Eneir USe im practical applications. For example, for even 


AN e@e:tremely fast computer, the last esult obtained above 
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oe 1? ror e wel) represent a substantial amaunk af 
comouter time and costs. Therefore, the objection ta using 
randomization tests for ey er moderately Silrved samples 


remains. and. denendina on the specific circumstances, the 
use of other tests of Significance may well 6e® oractical 
alternatives as approximations te randomization tests. One 


such alternative suggested By Dwass CRef. 7] is the use of 
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That is. randomly selected permutations of the data ares 


obtatrned and test statistic are camouted for these 
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randomization eee Pe Oe fran which a level rat 
siqniticance can be ocabtained. For example, instead of 
COMBE Hein wale 1.588107 difference in means above, a 
cansiderably smaller number a+ randaml v selected 
permutations. say 1000, could be obtained and difference iin 
mean= computations made for these randomlv selected 


permutations only. Then, A Slqnificance level could be 


determined using these 1000 test statistics rather than all 
Le cee. Boa a eee 
Since the Significance level obtained bv this method is 


based on a subset of the reference distribution, iG ch 
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an 
approximation to the sBiaqnificance level which could be 
obtained using the entire reference distribution. Edgingaton 
[CRef. 2) showed that for a random sample of s1iz22@ 1000 #£(an 
arbitrary choice but probably based on research by Dwass 
CRef. “Jd, an approximate randomization test would result in 


the assiaqnment of a BSlaqnificance level of no aqreater than 


ut 


-965 with probability .°5 when the exact randamizatian test 
wollld result in aA .0O2 s8ianificance level. Furthermore, 
research by Edgington and Strain CRef. 4] demonstrated that 
considerable savings in computer time and casts could he 


realized using a 1000 sample approximation rather than the 


exact randomization test. The conclusions reached by these 
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wo studies indicate that although the significance level 
obtained bv this alternativ method is still an 


approximation toa the sigmificance level that could be 
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The purpose of this chapter 15 to detail apecific 
randomization test procedures applicable to the two sample 


comparison of means. Included are A discussion of the 


Ui 


methad af permuting the data and appropriate test statistics 
which can be used. The methed of comparing the observed 


test statistic to the test skatistic 


tft 


obtained from the 
permuted data to arrive at a level of significance is also 
discussed. Additionally, specific alternatives are 
identified and the specific Simulation methodology wused in 
examining Slanificance levels obtained fram the 
randomization test and alternative tests 15 described. 
Lastly. an analysis of the results of the simulation is 


jmeluded: 
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Specific procedures applicable to randomizatian 
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for the two sample comparison of means require: 
1. A specific method of permuting the data. 
=. A selection of an appropriate test statistic. 
o» A specific method of comparing the observed test 
statistic with the test statistics obtained from the 
permuted data. 


Fach of these specific procedures 153 detailed hbhelow alang 


With an example. 
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Wem eeemuiting the Data 


In performing randomization test 
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fou nent Tomo ais | 2 
comparison of means. the observed data are nercemuted across 


each treatment so that all possible wavs in which the data 


t—t 


eould have resulted are found. For 


ty 


xample., suppose that an 
“MOeriment 15 conducted in which there. are two treatments (XxX 
am2 Y) and two exoerimental outcomes or oboservations per 


treatment Gye a=], be Snes ey Yi=2. mos) . The aoe er Yad abe 


43] 
4 
if} 


permuted across each treatment as given in Table 1. 


TABLE 1 


TWO SAMPLE EXAMPLE DATA PERMUTATIONS 


Fermutation sample < Samole Y 
i i 4 a = 
i i = 4 
So ee: 4 23 
4 4 2 1 & 
= GQ ne: 
& ge Oe i 4 


These permutations represent all possible wavs er 
which the data could have been mbserved. Note that the 


observed tatretre 1 


in 
ul 


Ener Sta permutati an. In general, 
the mumber of permutations ‘(actually combinations) required 
by this method 15 given by: 


Cael 
icleerie! GE cipro) ) 


A previous example aillustrated the camoutational 
consequences of Ean. 1 for randomization tests when mi and 
N2zare even moderately large. 
= $S@lecting an Appropriate Test Statistic 


Unlike many other comparable Significance tests. 


rr 


several appropriate test tatistics are available fen 


tit 


randomization tests of the tw 


0 


sample comparison of means. 
Furthermore, for a given hypothesis test, certain test 
Statistics are referred to as e#fauivalent test statistics 
because ther are functians of one another [CFef. Be): 44]. 


For 3 ane-tailed hypothesis te 


in 


fof. 2he Ewa sample 
camparison of means, examples of equivalent test statistics 
are (a) the sum of the observations of the treatment with 
the suspected larger mean. (6) the arithmetic difference in 


the means. and (c) the € statistic. lise of each of these 


mM 


rr 
ifi 


equivalent est 


Ui 


tatistics results in the same randomization 


test. For example, Table 215 an extension of Table 1 and 


list: 


Ji 
Ul 


each of the equivalent test BALL Sstias for each Gt fene 
data permutations from the previous example. For these test 
statistics. an ordering of the values corresponds ta an 


identical ordering of @each of the other test Catilstres. 


lil 


Tate: any comparisons made between the observed test 
Statistic to the test statistics obtained from the sermuted 
data would result in the Sane Significance Value, 
Therefore, for the ane-tailed hypothesis test given in this 
xample. each of these test statistics would be considered 


appropriate. 
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For the two-tailed hypothesis test. equivalent test 
shatisticts are (a) the absolute value of the arithmetic 
difference in means. and tb) the absolute value of the ¢ 
test statistic CRef. 2:rpe0. 42-44]. 
tics will provide the 


Although esquivalent test stati 


it} 


in 


same significance level. computational savings can be made 
by using the statistic which requires the least amount of 
calculations. In the case of the one-tailed test, lise of 
the sum of the observations of the treatment with the 


lWspected larger mean requires minimal calculatians. a) & 


vi 


Wi 


A 


ct 


iD 


two-tailed test. the absolute value Of the arithmetic 


difference in means could be wsed. 
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oe. Method of Comparizon 
Using the test statistics given above, fom x 
one-tailed alternate hypothesis which states that the mean 


of sample X is greater than the mean of sample YY, the 


i 


iQanificance level is obtained by numerically determining 


. %e 
to ome 


the proportlen ee: see == tatistics obtained fram the permuted 


Wh 


data which are greater than or equal to the observed 


Statist tears Likewise. when the alternate hypothesis tate 


bi 
i} 


that the mean of sample ¥ is less than the mean of sample Y, 


% 


then the significance level 1S “tne Orep@rreram) of “fase 


G 


statistics less than the observed statistic. For the 


if 


| 


two-tailed equivalant test fratistics given above, the 


Significance level can be determined from the proportion af 
statistics greater than or equal to the oshserved statistic. 
The following illustrates this method of comparison. 
Given the permutations of the data in Table 1 and the test 
statistics in Table 2, suppose further that it 15 desired to 
conduct a one-tailed hypothesis test. Lat the mull 
hypothesis state that the mean of sample X i185 less than or 
equal to the mean of sample Y and the alternate hypothesis 
state that the mean of sample ¥ 15 greater than the mean oaf 
sample Y. For these hypotheses, the comparison used in 
determining the randomization test significance level is the 
proportion of the test statistics obtained + tem all 
permutations of the data (including the observed data) which 
are greater than or equal to the observed test statistic. 


AS given in Table 2, this proportion is 4/65 for each of the 


4In am example given by Box, Hunter. and Hunter CReft. 
S:po. 94-96], the siqnificance level was incorrectly (or 
inadvertently) reported as the proportion et those 


statistics greater then the observed statistic as opposed to 
the more correct statement greater than or egual to. 


Gest =seatlstics. Theretore. the resulting randomization 
test significance level 12 4/4 or appremimatelv .67. 


Co ectiweee  hON AND ANALYSIS OF PESULTS 

Ta compare the robustness and power of the two samole 
comparison of means randomizatian test against alternative 
s. Moante Carlo simulation was used. The simulation 


test 


consisted af generating random samples under selected 


= 


fSonditions and determining each testt*s significance level 


based on the generated amples ger Sach. semeaetton. ) 20 


ii 


1terations were used in developing averages and variances 
of the significance levels. fonditions under which samples 


were generated included change®et in (ad Bample sizes, and (b) 


Lil 


Sampled distributions. Slanificance levels were etermined 
based on the hypotheses Ho: the mean of treatment 1iis tle¢s 
than or equal toa the mean of treatment 2. and Hi: the mean 
of treatment 1 15 greater than the mean af treatment 2. The 


— 


eee ll. 2 =eses tmeereorated im the Simulation inmecluded 
ai eos aio ee ema t EL RetT. 2:00. Sa-—F62, the nonparametric 


Mann-Whitney test (CRef. Cinp. S21IS-225], and the approarximats 


randomization test. For the approximate randomization test, 


it 
ie 


sampling with replacement was accomplished. i addition 
the rabustness and power af the randamization test, 


Simulation was used in examining the performance of the 


approximate randomization test over changes in the sample 

Size of the approximate randomization Gi Str vouweion. 

Speerric Semerveron=  Vnage- wWhiecm each portion af the 
mc, 


simulation wast performed together with an analvsis aft the 
simulation results follow. 
1. Changee in Sample Sises 
To compare the pertormance of each a the 


S1282S. m1 anda, were varied aver (na,ne) = (2,1), (agen 
(ZS, 106 CEeB). 0 oe em CP AD CF et 


case, each sample was formed from individually generated 
No.1) random deviates. For the approximate randomization 
test. the sample size of the approximate randomizatian 
distribution was held constant at 1000, The averages and 
Variances of the resulting #ignificance levels sopear iin 


Aooendix A. An analvsis of tne 


Wn 


lanificance levels obtained 
on Bach iteration af the simulation as well as the 
mentioned averages and variances follows. 

Since the above cases were oerformed for a true null 
hypothesis, we expected the distribution of the significance 
levels ta be consistent with uniformly distributed data. 
That is. if random samoles were generated under a true null 
hypothesis. then significance levels calculated fram these 
samples should exhibit a Udo.1) distributional form. AIS 
shown in Figure 1. the averages and variances obtained for 
each case were consistent with this expectation. Exceptions 
occurred for the extremely small sample sizes as might 5e 
anticipated. In this figure as well as in later figures, 


“R* represent 
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the significance levels abtained trom the 
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Overall, 
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this figure illustrates 


rept as 


abtained e. 


values 


Slgnificant differences in the 


noted above. 


Comat cti on 


each 


AnN examination of 


*+he histoarams for 


the null hypothesis wast true also showed 


which 
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AS an 


pected. 


distributions of the sianificance levels as ex 
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Figure 2. Twe Sample Histograms for N(O.1) Samples 


levels obtained for each of the two sample comparison of 
means tests for the case (ni,n2) = C7 Zand) li (Oat) random 
samples. For the hypothesis that these significance levels 
are indicative of U(Q,1) distributions. Eolmogorov-Smirnov 
uniform goodness of fit test significance levels are shown 
in Table 2. The values in Table 2 do not indicate a 


disagreement with expected results. 


TABLE = 
wees UNCP OehSeeBbNESS OF FIT TESTS 
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Test SLQMLfleance 
randomizatian O, 94 
ee Otte O., 86 
Mann-Whitney eat 
aocproximate randomization eG 


in -adcwtrarne to theme overail qatstrp pe wran. i form. 


the Slaniticance levels were compared on an 
i tema. On-by-1 fereation basis. The purpose ar this was t09 
commare the marginal performance of each test. that 12, to 
compar] the performance af each test for each eet of 


sameles. Figure = shaws the sianificance levels obtained 


ee oom aems Tim Che CAS@MEIna,M=) = (7.7) jj.and fad, 1) 


¢ a4 ft o4 


random samples and is typical af the ather=e= examined. The 


Stone eanicewor EmMlsSs plot is the proximity of each af the 
Slanificance levels. Only the nonparametric test appears toa 
vary marginally from the other tests and this was found to 


he true in all runs. 
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hange in Sampled Distribution 


To compare each tests" performance under changes of 
sampled distributions. the fampled distributions amd the 
distribution parameters were varied for the sample s1765 
(baw ns) = sy 
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Figure 3. Twe Sample Significance Level= bv Iteration 


exponential. uniform, gamma. welbull. beta. and chi-fauare 
distributions. Discrete distributions aiuneluded oao1les0n, 
bDineihtal. and geometric distributions. Once again the 
sample size of the appronimate randomization dietribution 
was held constant at 1900. The averages and variances of 
the slanificance levels obtained from this series of runs 
appear 1n Appendix B&B. 

Figure 4 shows the average significance levels 
obtained for the three sample sizes under changes in the 
mean and variance of random deviates from a normal 


distribution when Ho was true. Again there is little 


Ssliaqnificant difference in the average significance levels. 
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Figure 4 


Normal Distributions 


ditficult to distinguish + Pam these 


ifl 


Consequently, it i 
plots ‘as in manv of the plots to follow) ERe digetsarent 
values obtained for each test. Similar plots were obtained 
for all the €e6ntimuets Werser i bu a xamined. Pec <a 


shows the 


Ut 


@ plots for the cases (nai,me) = (7.7). NeteS Again 
the variation from the other significance levels in the 
averages and variances obtained by the Mann-Whitnev test. 
Fiqgure S also shows little significant difference in the 
averages and variances obtained from the randamization test. 
t test. and approximate randomization test. Furthermore, 


although this series of runs included cases for (Maan) 


ars 


and (7, 7). (@)o8sS@ero 


4 
it 
- 
tn 


and (7 oe were 
nearly idemtical to those obtained for (7.7) and cantained 
no additional intorg@ati on. Therefore, they are nat shown. 

To examine significance levels obtained under a 
false null hypothesis. a series of runs was conducted in 
which the distribution fram which sample 1 was scbtained was 
Yariled while the distribution from which sample 2 was formed 
was held constant. This examination included cases for the 
three sample sizes noted above given random samples from the 
above distributions. 

Figure 6 shows the sSignificamce levels obtained for 
the three sample sizes when the two samples were generated 
fiom NOFMALlL “Gistrvputians. In these cases, the means = and 
Yariances of sample 1’s distribution were varied while 


sample 2 comsisted of N(O,1) random deviates. Indi cataise ot 
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Figure 6. 


power. Figure & demonstrates little difrerence un each 


test*s ability te detect a false mull HAyvoothesieg. fe Mellir 2 
6& alse illustrates that the tests are uneffected by changes 
In Variances and further allustrates the omearly identical 


aaene sciieeech Test PS tomedevecc a true null hyvpotnesis. 
Additianally. Figure « daemanstrates that under changes in 
Misti lL Out lors, the averages and Yarlances en the 
Slanificance levels were not Eeianificanmtly different for 


Sreolles. 


feat 


if 


equal ar unequal =zamo 
Aside fram normal deviates. the Significamcse levels 
eah>tained for samoles from the other continuous distributions 


are Sewn in peice .’. The plots shawn are tor the cases 


ee ee ese Re ene arl yy identical to thas abtained 
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of tine orheretvc sample esizee. The sample distributian of 
sample wimewas wheld fixed aa eond chin le Gammail.l), 
We7pull (1.13% Beta(1.,1)9. and Chi-saquare‘(l1) far each of the 


respective distributional changes. Furthermore. Figure 


shawe only changes in the location parameter af the gamma, 


Weibull. and beta distributions. Changes in the sharce 
parameters of these distributions resulted in plots similar 
to those obtained when tha Variance oF the nacrmal 


distribution was varied and are not shown. 
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Mann-Whitney test does nct aprear tre be AS fois or as 


pPowerrul as the ather tests. fit iS encdicated by ine 


osmederent lv =mMal ser Yalues when Hl cr Wat true ans the 


consistently larger values when Ho waz false. Alsc. an 
interesting ohenomenan occurred wher the samnol ed 
distributian was af the weibull feet iM « In this wage. AS 
eapposed to the other case¢ examined, tne Mann-Whitney, test 
differed conzideralbly from the other tests. Furthermore, 


the randomization, t. and approximate randomization tests 
were inefficient in identifying both a true null Ryvypothesis 
for small location parameters and a faise null hyoothesis 


for larger parametere. fie ezplamaziaon could be found for 


this. 
For the discrete distributions. larger differences 
Im average Sianificance levels were onserved. Fiagure 8 


displays the average values obtained for sannoles from 
Sthont cet Uae tens +Or the Gases” (n1a.me) = (Fe). The 


figure shows the cases where the distribution parameters 


Were varied conctrrently for both eamples ‘too anc Ee eae cran 
lett?) ana also when sample 175 distribution WAS Yatc1ed 


while sample 2 was held #ived aeemeromi a. Ca). wD) oo 


er 


Ate oies= 2m 1 hic). AS shown, the Mann-Whitney  hest 


Significance levels continue to vary fram the sther tests 
Siaqnificance levels. 
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In the third series of Ure. ae Wat desired tO 
“<amine the oerfarmance eit +ne aporoa:imate randomizatian 
teet with change= in the sample =ize of the anproximate 


tired Bie ear Therefore, the third eeries + 


Hl 
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IV. ONE-WAY ANALYSIS OF VARIANCE 
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The following example illustrates eauivalent test 
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and approximate randomization tests fave better perfarmance 
than other nonparametric tests in the contexts examined. 
Furthermore. the robustness and power of ithe approximate 
randomization tests, £ tests. and F tests clearly mark them 
AS xCc@llent alternatives to randomization tests when 


randomization tests may be impractical. 
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offer good approximations. Continued research should be 
accomplished in é€xperimental design and data analysis 


Situations not examined in this thesis. Some of these areas 
Were given in the introduction. Furthermore, based on the 
apparent ability af approximate randomization tests to 
approximate randomization tests. the practical applicability 


of approximate randomization tests should be examined in 


other statistical conte:ts. 
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0.0792 
0.0871 


0.0000 
0.0000 
0.0010 
0.0762 
0.0045 
0.0000 
0.0000 
0.0000 
0.0003 


0.0927 
0.0571 
0.0860 
0.0752 
0.0908 
0.0618 
0.0704 
0.0809 
0.0715 


0.0135 
0.0256 
0.0512 
0.0769 
0.0840 
0.0606 
0.0355 
0.0415 
0.0065 


0.0669 
0.0824 
0.0806 
0.0768 
0.0950 
0.0753 
0.0889 
0.0758 
0.0562 


0.0024 
0.0138 
0.0297 
0.0860 
0.0797 
0.0691 
0.0242 
0.0359 
0.0070 


0.0855 
0.0930 
0.0737 
0.0742 
0.0743 
0.0994 
0.0831 
0.0953 
0.0990 


0.0011 
0.0281 
0.0738 
0.0900 
0.0756 
0.0705 
0.0401 
0.0206 
0.0126 


APPENDIX C 
TWO SAMPLE APPROXIMATE RANDOMIZATION TEST 


NUMBER OF ITERATIONS: 50 
SAMPLE DISTRIBUTIONS: N(O,1) 
SAMPLE 
SIZES AVERAGES VARIANCES 

cASE1 2 ff R T M A R T M A 
685 7 7 200 0.5288 0.5299 0.5154 0.5310 0.0756 0.0759 0.0767 0.0765 
685 300 0.5066 0.5975 0.5112 0.5153 0.0899 0.0903 0.0896 0.0908 
637 GOO 0.5790 0.5790 9.5874 0.5787 0.0732 0.0727 0.0673 0.0732 
683 500 0.4520 0.4519 0.4674 0.4530 0.0903 0.0905 0.0797 0.0889 
689 600 0.5009 0.5912 0.4856 0.5010 0.0973 0.0975 0.0788 0.0957 
690 700 0.85863 9.5862 0.5809 0.5874 0.0907 0.0911 0.08469 0.0906 
69% 800 9.5394 0.5391 0.5293 0.5362 0.0857 0.0857 0.0726 C.C8&50 
692 960 0.5405 0.5396 0.5445 0.539% 0.0734 0.0745 0.0522 0.0742 
693 1000 0.4851 0.4866 0.4921 0.4856 0.0853 0.0854 0.0760 0.0863 
694 1100 0.5447 0.5455 0.5424 0.5657 0.0975 0.0971 0.0870 0.0971 
695 1200 0.4499 0.4503 0.4429 0.4486 0.0883 0.0885 0.0770 0.0884 
696 1300 C.5088 0.5086 0.5220 0.5114 0.0785 0.0786 0.0685 0.0780 
697 1400 0.4459 0.4455 0.4399 0.4472 0.0801 0.0897 0.C780 0.0300 
698 1500 0.4595 0.4593 0.4589 0.4612 0.0872 0.0871 0.0754 C.0870 
699 1600 0.5284 0.5282 0.5257 0.5298 0.0723 0.0722 0.0753 0.0723 
700 1700 9.4909 0.4912 0.4808 0.4932 0.0915 0.0912 0.0799 0.0920 
701 1600 0.4818 0.4813 0.4807 0.4794 0.0960 0.0960 0.0853 0.0962 
702 1900 0.5321 0.5338 0.5349 0.5325 0.0889 0.0884 0.0842 0.0888 
703 2000 0.5171 0.5178 0.4966 0.5196 0.0727 0.0723 0.0641 6.0728 
706 8 7 200 0.5363 0.5372 0.5287 0.5338 0.0788 0.0791 0.0790 0.0808 
705 300 0.5284 0.5281 0.5329 0.5366 0.0920 0.0918 0.0904 0.0924 
706 490 0.5702 0.5702 0.5750 0.5709 90.0770 0.0769 0.0694 0.0781 
707 5CO 0.4628 0.4633 0.4721 0.4614 C.0834 0.0884 0.0810 0.0884 
708 600 0.4979 0.4983 9.4856 0.5014 0.0858 0.0860 0.06% 0.0866 
709 700 0.5792 0.5791 0.5710 0.5800 0.0807 0.0809 0.0780 0.0816 
710 €00 0.5340 0.5340 0.5195 0.5331 0.0906 0.0907 0.0799 0.0893 
all 900 0.5285 0.5278 0.5302 0.5291 0.0756 0.0764 0.0572 0.0754 
712 19CO 0.4782 0.4793 0.4953 0.4779 0.0855 0.0863 0.0777 0.0853 
713 1100 0.5482 0.5490 0.5475 0.5506 0.0959 0.0998 0.0887 0.1005 
714 1200 0.4591 0.4595 0.4390 0.4607 0.0898 0.0899 0.0767 0.0905 
715 1300 0.5162 0.5162 0.5234 0.5179 0.0789 0.0790 0.0716 0.0790 
716 1400 0.4482 0.4485 0.4451 0.4479 0.0816 0.0823 0.0774 0.0807 
717 1500 0.4550 0.4548 0.4496 0.4579 0.0874 0.0873 0.0773 0.0881 
718 1600 0.5188 0.5189 0.5121 0.5192 0.0660 0.0661 0.0680 0.0659 
719 1700 0.5056 0.5066 0.4938 0.5084 0.0862 0.0863 0.0736 0.0865 
720 1800 0.4684 0.4684 0.6662 0.4677 0.1603 0.1005 0.0922 0.1003 
721 1900 0.5499 0.5506 0.5454 0.5502 0.0873 0.0868 0.0866 0.0878 
722 2000 0.5068 0.5072 0.4838 0.5047 0.0695 0.0692 0.0602 0.0698 
723 9 7 200 0.4733 0.4731 0.4856 0.4764 0.1062 0.1063 0.1001 0.1054 
724 300 0.4457 0.4461 0.4678 0.4569 0.0715 0.0715 0.0681 0.0723 
725 400 0.5221 0.5216 0.5430 0.5179 0.0750 0.0752 0.0680 0.0767 
726 500 0.5444 0.5448 0.5281 0.5467 0.0%5 0.0939 0.0903 0.0933 
727 609 0.4557 0.4549 0.4542 0.4592 0.0927 0.0925 0.0836 0.0930 
728 700 0.5268 0.5262 0.5247 0.5284 0.0863 0.0861 0.0765 0.0865 
729 800 0.5643 0.5650 0.5526 0.5681 0.0751 0.0753 0.0718 0.0752 
730 900 0.4534 0.4542 0.4681 0.4542 0.0711 0.0717 0.0693 0.0708 
731 1000 0.4784 0.4776 0.4858 0.4778 0.0864 0.0864 0.0742 0.0860 
732 1100 0.5376 0.5360 0.5382 0.5349 0.0933 0.0936 0.0864 0.0935 
733 1200 0.5131 0.5133 0.5148 0.5125 0.0775 0.0774 0.0682 0.0770 
724 1300 0.4451 0.4449 0.4479 0.4434 0.0816 0.0810 0.0797 0.0810 
735 1400 0.5421 0.5416 0.5303 0.5426 0.0745 0.0748 0.0689 0.0750 
736 1500 0.5479 0.5478 0.5536 0.5488 0.0788 0.0783 0.0677 0.0786 


ee 


Toe 
738 
759 
740 
741 


1600 
1700 
1800 
1900 
2000 


0.4959 
0.5967 
0.4405 
0.4997 
0.4891 


0.4953 
0.5947 
0.4397 
0.4999 
0.4897 


0.4918 
0.5938 
0.4465 
0.5060 
0.4914 


0.4969 
0.5961 
0.4422 
0.4996 
0.4900 


7) 


0.0926 
0.0649 
0.0687 
0.1004 
0.0879 


0.0927 
0.0650 
0.0688 
0.1003 
0.0878 


0.0872 
0.0612 
0.0570 
0.0911 
0.0869 


0.0930 
0.0644 
0.0482 
0.10090 
0.0875 


NUMBER OF ITERATIONS: 
SAMPLE DISTRIBUTIONS: 
APPROXIMATE RANDOMIZATION SAMPLE SIZE: 


CASE 1 


742° 2 


743° «3 


744 4 


745 4 


746 4 


748 4 


ec 


2 


3 


SAMPLE 
SLZES 


a 


2 


R 
0.5773 
0.4421 
0.5151 
0.5334 
0.4449 
0.5126 


0.4477 


AVERAGES 


F 


-4369 


-5124 


-5314 


- 4458 


- 5080 


-4457 


0 


K 


-5424¢ 0.5470 


~4540 


. 5089 


5477 


-4751 


552 


-4631 


APPENDIX D 
ANOVA CHANGES IN SAMPLE SIZES 


0. 


0 


50 


N(0,13 
1000 


- 5568 


-4414 


S172 


Soke 


4447 


-5117 


-4493 


0. 


O. 


0865 


0876 


- 0846 


0801 


-0763 


0856 


-0866 


VARIANCES 


F 


0.0886 0. 


0.0822 


0.0833 


0.0771 


0.0762 


0.0813 


0.0865 


0. 


K 


0891 


0903 


.0728 


-0766 


0847 


-0859 


0888 


0867 


.0877 


- 0852 


.0805 


-0767 


-0862 


0854 


ANOVA DISTRIBUTIONAL CHANGES 


NUMBER OF ITERATIONS: 
APPROXIMATE RANDOMIZATION SAMPLE SIZE: 


CASE 1 2 3 


750 
751 
752 
753 
754 
755 
756 
157 
758 
159 
760 
761 
762 
763 


764 
765 
766 
767 
768 
769 
770 


172 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 


785 


786 
787 
788 
789 
790 
791 
192 


793 
794 
795 
796 
797 


APPENDIX E 


SAMPLE DISTRIBUTIONS 


1 2 3 

749 4 4 4 N(-10,1) N(-10,1) N(-10,1) 
(-551) (-5,1) (-5,1) 
(-2,1) (-2,1) (-2;,1) 
(-1,1) (-1,1) (-1,1) 
(-.5,1) (-.5,1) (-.5),1) 
(-.2,1) (-.2,1) (-.25,1) 
(-.1,1) (-.1,1) (-.15,1) 
(05,1) (0,1) (0,1) 
(.1,1) (.1,1) (.1,1) 
(.251) ( 251) (.2,1) 
(.551) (.5,1) (.551) 
(1,1) (1,1) (1,1) 
(251) (2,1) (2,1) 
(5,1) (5,51) (551) 
(10,1) (10,1) (10,1) 
(O,.1) (O,.1) (O0,.1) 
(0,.2) (0,.2) (0,.2) 
(0,.5) (0,.5) (0,.5) 
(0,1) (0,1) (0,1) 
(0,2) (0,2) (0,2) 
(0,5) (0,5) (0,5) 
(0,10) (0,10) (0,10) 
(-10,1) (-10,1) (-10,1) 
(-5,1) (-5,1) (-5,1) 
(-2,1) (-2,1) (-2,1) 
€-1;1) (-1,1) (-1,1) 
(-.5,1) (=-.5,1) (-.551) 
C=.2s1) (=.251)) 1-. 25) 
(-.1,1) (-.1,1) (-.1,1) 
(0,1) (0,1) (0,1) 
(.1,1) (.1,1) (.1,1) 
(.25,1) (.25,1) (.2,1) 
{.551) (.551) (.5,1) 
(1,1) (1,1) (1,1) 
(2,1) (25,1) (2,1) 
(5,1) (5,1) (5,1) 
(10;1) (10,1) (10,1) 
(O,.1) (0,.1) (0,.1) 
(0,.2) (0,.2) (0,.2) 
(O,.5) (0,.5) (0,.5) 
(0,1) (0,1) (0,1) 
(0,2) (0,2) (0,2) 
(0,5) (0,5) (0,5) 
(0,10) (0,10) (0,10) 
(-10,1) (-10,1) (-10,1) 
(-5>51) (-5,1) (-5,1) 
(-2,1) (-2,1) (-2,1) 
(-1,1) (-1,1) (-1,1) 
(-.5,1) (-.5,1) (-.5,1) 
(-.2,1) (-.2),1) 


798 


50 
1000 


oooocoeoooqoooc‘“o0o0oaco9o oo oooo0°o°o oooo0oo0coc“oo0oooo0o0cocooo 


oooo0o0o9qo o 


eoo0o°9o 


R 


5441 
-4470 
5044 
» 535i 
~5617 
. 5188 
- 4660 


- 5048 


»~5151 
5222 
4844 
~5636 
4731 
-5429 
-4356 


- 5350 
-4658 
-5296 
4737 
- 5360 
~5051 
- 4886 


~5075 
-4730 
~5031 
4843 
-5623 
~ 5424 
-4716 
- 5091 
-5151 
- 5464 
-4750 
5383 
- 5069 
- 5479 
~4765 


5643 
5514 
-5141 
3866 
- 5814 
4979 
~ 5031 


.5187 
- 5280 
5627 
-4960 
. 5080 


(-.2,1) 0.5667 


74 


AVERAGES 


F 


0.5409 
0.4480 
0.5028 
0.5298 
0.5631 
0.5209 
0.4688 
0.5041 
0.5124 
0.5222 
0.4831 
0.5579 
0.4745 
0.542% 
0.4373 


0.5335 
0.4645 
0.5280 
0.4752 
0.5336 
0.5046 
0.4890 


0.5101 
0.4749 
0.4987 
0.4796 
0.5615 
0.5433 
0.4746 
0.5150 
0.5121 
0.5369 
0.4678 
0.5372 
0.5065 
0.5449 
0.4787 


0.5618 
0.5529 
0.5175 
0.3797 
0.5855 
0.4987 
0.4999 


0.4914 
0.5093 
0.5478 
0.4593 
0.%864 
0.5331 


K 


0.5429 
0.4343 
0.4994 
0.5205 
0.5639 
0.5215 
0.4478 
0.4986 
0.5089 
0.5334 
0.4897 
0.5232 
0.4735 
0.5489 
0.4546 


0.5198 
0.4513 
0.5304 
0.4702 
0.5289 
0.5374 
0.4867 


0.485% 
0.4710 
0.4989 
0.4851 
0.5652 
0.5614 
0.4522 
0.5003 
0.5095 
0.5705 
0.5083 
0.5223 
0.5071 
0.5406 
0.4876 


0.5462 
0.5418 
0.5055 
0.4003 
0.5881 
0.5037 
0.4902 


0.4761 
0.4985 
0.5220 
0.4591 
0.4821 
0.5272 


A 


0.5418 
0.4418 
0.5018 
0.5340 
0.5619 
0.5217 
0.4674 
0.5045 
0.5127 
0.5225 
0.4862 
0.5646 
0.4739 
0.5411 
0.4341 


0.5345 
0.4649 
0.5325 
0.4745 
0.5388 
0.5036 
0.4902 


0.5079 
0.4749 
0.5006 
0.4830 
0.5624 
0.5433 
0.4703 
0.5105 
0.5149 
0.5465 
0.4742 
0.5412 
0.5057 
0.5452 
0.4770 


0.5642 
0.5530 
0.5128 
0.3857 
0.5807 
0.4955 
0.5030 


0.5104 
0.4730 
0.5498 
0.4948 
0.4917 
0.5475 


R 


0.0789 
0.1017 
0.0754 
0.0804 
0.0772 
0.0821 
0.0859 
0.0825 
0.0846 
0.0787 
0.0886 
0.0850 
0.0733 
0.0830 
0.0970 


0.0681 
0.0714 
0.0819 
0.0961 
0.0758 
0.0931 
0.0813 


0.0734 
0.0879 
0.0702 
0.0768 
0.0675 
0.0767 
0.0935 
0.0865 
0.0968 
0.0738 
0.0860 
0.0802 
0.0799 
0.0935 
0.0853 


0.0737 
0.0812 
0.0783 
0.0857 
0.0758 
0.0636 
0.0908 


0.0839 
0.0551 
0.0911 
0.0896 
0.0867 
0.0911 


VARIANCES 


F 


0.0780 
0.1039 
0.0733 
0.0809 
0.0773 
0.0824 
0.0834 
0.0831 
0.0833 
0.0778 
0.0882 
0.0847 
0.0740 
0.0820 
0.0956 


0.0690 
0.0708 
0.0817 
0.0963 
0.0758 
0.0934 
0.0831 


0.0754 
0.0875 
0.0706 
0.0784 
0.0673 
0.0767 
0.0921 
0.0894 
0.0875 
0.0741 
0.0870 
0.0800 
0.0833 
0.0941 
0.0834 


0.0764 
0.0843 
0.0738 
0.0819 
0.0772 
0.0632 
0.0944 


0.0837 
0.0599 
0.0881 
0.0937 
0.0889 
0.0949 


oooooocaoooooo0°o0ocq9c so ooooo0oo oooo0oocjoooo‘oooo0qoo 


eooo°o9c”]e 


eooo0o9o 


K 


.0832 
.0841 
-0671 
.0790 
-0752 
0779 
-0802 


0818 


.0728 
-0744 
.0766 
.0744 
-0677 
-0845 
.0997 


.0797 
-0656 
-0805 
.0801 
.0766 
.0816 
.0739 


0583 
.0878 
-0656 
~0743 
-0614 
.0816 
.0905 
-0771 
0883 
-0765 
.0801 
.0732 
.0780 
.0858 
.0855 


.0703 
-0700 
-0716 
.0865 
-0819 


0618 


.0829 


.0891 
.0679 
.0885 
0958 
.0910 
.0917 


0.0787 
. 1007 
-0762 
~O7979 
-0766 
.0819 
0845 
0842 
-0846 
.0787 
-0892 
0856 
.0727 
0831 
.0969 


oooococooooqcocoooo0o0co 


0690 
-0724 
- 0804 
-0962 
.0755 
-0929 
0805 


ooooo0°co 


0735 
0890 
-0703 
.0764 
.0676 
-0767 
.0934 
-0864 
.0961 
.0734 
0863 
0794 
0800 
-0925 
. 0860 


ooooocoooooq“‘ooocqcn”e 


.0743 
0803 
-0778 
.0861 
-0745 
0642 
.0906 


ooo0oo9cjnoe 


.0826 
-0567 
-0926 
-0914 
-0881 
-0965 


oooo$o$o 


TO, 
800 
301 
802 
803 
804 
805 
806 
807 


808 


824 
825 
826 
827 
828 
829 


830 
831 
832 
833 
834 
835 
836 


837 


849 
850 
851 


S52 
853 
854 
855 
856 
857 
858 


859 
860 
861 


3 


2 


5 


Z 


(-.1,1) 
(0,1) 
etl) 
Co2Z5)) 
{.5)51) 
C151) 
(2,1) 
(5,1) 
(10,1) 
(O,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0;10) 


(0,1) 


(0,1) 


(0,1) 


(0,1) 


(0,1) 


(coulis) 
(0,1) 
ado) 
(325k) 
(.5,1) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 
(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


(0,1) 


(0,1) 


(0,1) 


(0,1) 


(0,1) 


(-.1,1) 0.5080 


(0,1) 
(.1,1) 
(25a 
(.551) 
Cl5i 
(2,1) 
(5,1) 
(10,1) 


(0,.1) 
(0,.2) 
{(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


{-10)1) 
(-5,1) 
(-2,1) 
(-1,1) 
(-.5)1) 
(-.2),l1) 
(-.l1,1) 
(0,1) 
(132) 
(2251) 
(.55,1) 
(1,1) 
(251) 
(5,2) 
(10,1) 


(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


(-10,1) 
(-5,1) 
(-2,1) 
{-1,l) 
{-.5),1) 
(-.2)1) 
(-.1,1) 
(0,1) 
fos.) 
(.2,1) 
(.5,1) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 


(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(052) 
(0,5) 
(0,10) 


(-10,1) 
(-5,1) 
(=Z,1) 


0.5240 
5280 
- 5240 
5120 
- 5867 
_oo7S 
sel oS 
- 5040 


ooo oo0o © 


- 5640 
- 6000 
-5200 
eoceT 
-4760 
9613 
.6013 


ooooo0qo © 


.0034 
.0028 
.0553 
=2571 
4991 
- 5288 
-4662 
. 5048 
. 5083 
- 5069 
2595. 
. 3289 
-0547 
0033 
.0030 


oqoo0o0oo0oo0oo0o0o0o°0°oocncoo0oo © 


- 53860 
- 4869 
-5077 
-4737 
- 5608 
-4596 
~4792 


aoooooeoo0odoa 


-0196 
-0195 
. 1069 
. 2868 
- 5009 
- 5407 
- 4726 
5091 
- S116 
~5233 
~ 4242 
-3741 
“091s 
.0202 
.0189 


oooo0oo0oo0oo0oo0o°0o°oco0o00°90 © 


0.5601 
0.5285 
0.5156 
0.3866 
0.6154 
0.4591 
0.5476 


0.1347 


0.1240 
0.2880 


VS 


0.4773 
0.4708 
0.4886 
0.4865 
0.4763 
oO. 5509 
0.4951 
0.5708 
0.4726 


0.5289 
0.5793 
0.4955 
0.5110 
0.4497 
0.5387 
0.5526 


0.0000 
0.0002 
0.0552 
0.2582 
0.5016 
0.5313 
0.4676 
0.5041 
0.5034 
0.5050 
0.3916 
0.3285 
0.0518 
0.0001 
0.0000 


0.5764 
0.4858 
0.5024 
0.4752 
0.5556 
0.4435 
0.4716 


0.0000 
0.0032 
0.1026 
0.2874 
0.4992 
0.5477 
0.4755 
0.5150 
0.5084 
0.5108 
0.4203 
0.3669 
0.0875 
0.0015 
0.0000 


0.5534 
0.5296 
0.5073 
O.3797 
0.6081 
0.4430 
0.5400 


0.0037 
0.0295 
0.2380 


0.4399 
0.5062 
05099 
0.4874 
0.5042 
0.5641 
0.5150 
0.5747 
0.4652 


0.5244 
0.5710 
0.4920 
0.4817 
0.4388 
0.5203 
0.5594 


0.0064 
0.0054 
0.0656 
0.2602 
0.5125 
Oea225 
0.4491 
0.4986 
0.4952 
0.4965 
Gr 3937 
0.3135 
0.0629 
0.0063 
0.0058 


0.5131 
0.4581 
0.5023 
0.4702 
0.5889 
0.4855 
0.4824 


0.0283 
0.0287 
OQ. 1tsz 
0.2840 
0.5024 
0.5454 
0.4532 
0.5003 
0.5058 
0.5273 
0.4353 
0.3542 
0.0963 
0.0299 
0.0281 


0.5195 
0.4999 
0.5016 
0.4003 
0.6272 
0.4677 
0.53561 


0.1299 
0.1267 
0.2910 


0.4918 
0.5026 
0.5103 
0.4990 
0.5052 
0.5803 
0.5314 
0.5605 
0.4966 


0.5468 
0.5957 
0.5029 
0.5052 
0.4658 
0.5459 
0.5782 


0.0037 
0.0032 
0.0563 
0.2590 
0.4965 
0.5319 
0.4652 
0.5045 
0.5055 
0.5072 
0.3982 
0.3287 
0.0572 
0.0042 
0.0038 


0.5864 
0.4847 
GG. 5115 
0.4745 
0.5653 
0.4608 
0.4803 


0.0176 
0.0187 
0.1075 
0.2850 
0.5016 
0.5407 
0.4710 
0.5105 
0.5095 
0.5245 
0.4241 
0.3737 
0.0899 
0.0211 
0.0178 


0.5598 
0.5288 
0.5141 
0.3857 
0.6155 
0.4578 
0.5464 


0.0959 
O-1011 
0.2654 


0.0756 
0.0769 
0.0910 
0.0727 
0.0975 
0.0929 
9.0855 
0.0713 
0.0833 


0.0846 
0.0849 
0.0941 
0.0703 
0.0760 
0.0706 
O70935 


0.0000 
0.0000 
0.0059 
0.0516 
0.0774 
0.0868 
0.0865 
0.0825 
0.0841 
0.0847 
0.0889 
0.0766 
0.0095 
0.0000 
0.0000 


0.0855 
0.0914 
0.0835 
0.0961 
0.0780 
0.1128 
0.1230 


0.0001 
0.0001 
0.0140 
0.0713 
0.0617 
0.0826 
0.0964 
0.0865 
0.0932 
0.0749 
0.1108 
0.0819 
0.0123 
0.0001 
0.0001 


0.0951 
0.0814 
0.0841 
0.0857 
0.0754 
021229 
0.1167 


0.0034 
0.0025 
0.0456 


0.0755 
0.0785 
0.0844 
0.0662 
0.0964 
0.0952 
0.0904 
0.0675 
0.0835 


0.0854 
0.0872 
0.1034 
0.0715 
0.0866 
0.0701 
0.081% 


0.0000 
0.0000 
0.0055 
0.0514 
0.0785 
0.0861 
0.0838 
0.0831 
0.0819 
0.0835 
0.0888 
0.0767 
0.0083 
0.0000 
0.0000 


0.0848 
0.0909 
0.0824 
0.0963 
0.0750 
0.1041 
0.1118 


0.0000 
0.0000 
0.0160 
0.0719 
0.0656 
0.0822 
0.0951 
0.0894 
0.0854 
0.0750 
0.1084 
0.0777 
0.0127 
0.0000 
0.0000 


0.0881 
0.0799 
0.0777 
0.0819 
0.0730 
0.1083 
0.0997 


0.0000 
0.0009 
0.0442 


0.0908 
0.0753 
0.0869 
0.0685 
0.1056 
0.0979 
0.0941 
0.0705 
0.0966 


0.0734 
0.0911 
0.0999 
0.0761 
0.0804 
0.0735 
0.0868 


0.0000 
0.0000 
0.0096 
0.0593 
0.0725 
0.0799 
0.0777 
0.0818 
0.0761 
0.0836 
0.0736 
0.0685 
0.0136 
0.0900 
0.0000 


0.0720 
0.0763 
0.0826 
0.0801 
0.0669 
0.0923 
0.0866 


0.0001 
0.0002 
0.0214 
0.0698 
0.0577 
0.0860 
0.0933 
0.0771 
0.0835 
0.0792 
OV. 
0.0782 
0.0168 
0.0002 
0.0002 


0.0748 
0.0696 
0.0738 
0.0865 
0.0685 
0.0856 
0.0735 


0.0049 
0.0045 
0.0515 


0.07385 
0.0776 
0.0915 
0.0741 
0.0975 
0.0914 
0.0869 
0.0717 
0.0804 


0.0866 
0.0841 
0.0928 
0.0676 
0.0764 
0.0693 
0.0945 


0.0000 
0.0000 
0.0059 
O-e5h2 
0.0754 
0.0861 
0.0852 
0.0842 
0.0835 
0.0851 
0.0906 
0.0771 
0.0098 
0.0000 
0.0000 


0.0860 
0.0921 
0.0831 
0.0962 
0.0761 
O.11z9 
0.1236 


0.0001 
0.0001 
0.0146 
0.0701 
0.0629 
0.0830 
0.0963 
0.0864 
0.0930 
0.0751 
OS 
0.0825 
0.0125 
0.0002 
0.0001 


0.0950 
0.0808 
0.0830 
0.0861 
0.0756 
0.1226 
0.1163 


0.0036 
0.0030 
0.0480 


862 
863 
864% 
865 
866 
867 
868 
869 
870 
871 
872 
873 


874 
875 
876 
877 
878 
879 
880 


881 
882 
883 
834 
885 
386 
887 
888 
889 
890 
891 
892 
893 
894 
895 


896 
897 
8938 
899 
900 
901 


902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 


918 
or 
920 
921 
Jee 
923 
924 


(0,1) 


(-10,1) 
(-5,1) 
(-2,1) 
(—151) 
(-.5>51) 
(-.2,1) 
(-.1,1) 
(0,1) 
folk) 
(.2,1) 
(.5,1) 
(1,1) 
C251) 
(5,1) 
(10,1) 


(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 


(0,10) 
(-10,1) 
(-5>,1) 
(-2,1) 
(-1,1) 
(-.5,1) 
(-.2,1) 
C=. 151) 
(0,1) 

(.1,1) 
(.2,1) 
(.5)1) 
(1,1) 

(2,1) 

(5,1) 

(10,1) 


(0,.1) 
(0>.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


(0,1) 


(-10,1) 
(-5,1) 
(-2,1) 
(-1,1) 
(-.5,1) 
(-.2,1) 
Cae) 
(0,1) 
(.1,1) 
(.2,1) 
(.551) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 


(O,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 


(0,10) 
(-10,1) 
(-5,1) 
(-2,1) 
(-1,1) 
(-.5,1) 
(-.2,1) 
(-.1,1) 
(0,1) 
(.1,1) 
(.2,1) 
(.55,1) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 


(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


(=1,1) 
(-.5,1) 
(-.2,1} 
(=-.1,1) 
(0,1) 
(2251) 
(.2,1) 
(.551) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 


(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


(-10,1) 
(-5,1) 
(-2,1) 
(-1,1) 
(-.5,1) 
(-.2)1) 
(-.1,1) 
(0,1) 
(.1,1) 
(.2,1) 
(.551) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 


(O0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 


(0,10) 
(-10,1) 
(-5,1) 
(-251) 
(-1,1) 
(-.5>1) 
(-.2,1) 
(-.1,1) 
(0,1) 
(.1,1) 
(.2,1) 
(.55,1) 
(1,1) 
(2,1) 
(5,1) 
(10,1) 


(0,.1) 
(0,.2) 
(0,.5) 
(0,1) 
(0,2) 
(0,5) 
(0,10) 


0.4533 
0.4520 
025535 
0.5027 
0.5240 
0.5293 
0.5147 
0.5480 
0.4240 
0.2733 
0.1493 
0.1240 


0.5013 
0.5587 
0.5267 
0.5227 
0.4733 
0.5707 
0.4920 


0.5568 
0.4677 
0.4536 
0.5328 
0.5411 
0.5372 
0.4910 
0.5220 
0.5126 
0.5532 
0.4566 
0.5338 
0.5039 
0.5499 
0.5080 


0.5544 
0.5236 
0.5328 
0.4305 
0.5720 
0.4968 


0.4987 
0.5146 
0.5944 
0.4677 
0.4298 
0.5091 
0.4535 
0.5497 
0.5750 
0.4649 
0.5567 
0.4583 
0.5044 
0.4775 
0.4688 
0.5500 


0.5490 
0.5285 
0.5369 
0.5201 
0.4565 
0.4866 
0.5066 
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-4196 
-4277 
- 5340 
-4714 
-4708 
-4878 
4774 
- 5033 
~ 3749 
- 2140 
.0274 
.0048 


-4448 
» 5206 
~4955 
-5110 
-4293 
-5130 
-4245 


5599 
-4676 
4544 
» 5331 
- 5400 
- 5410 
4989 
. 5203 
- 5080 
- 5422 
~4555 
~5341 
- 5066 
- 5493 
- 5069 


~ 5524 
. 5231 
- 5304 
-4288 
~5745 
-4973 


-4985 
-5167 
5459 
-4705 
-4300 
5095 
- 4488 
- 5518 
-5725 
4684 
5473 
~4577 
- 5067 
~4744 
-4726 
- 5467 


- 5464 
-5276 
- 5314 
-5092 
4588 
4838 
5054 


0.4147 
0.4201 
0.5151 
0.4803 
0.5062 
0.4989 
0.4800 
0.5298 
0.3976 
0.2571 
0.1525 
0.1192 


0.4576 
0.5167 
0.5014 
0.4817 
0.4602 
0.5481 
0.4683 


0.5380 
0.4570 
0.4619 
0.5408 
0.54493 
0.5493 
0.4680 
0.5166 
0.5152 
0.5716 
0.4773 
0.5197 
0.5015 
0.5359 
0.5007 


0.5411 
0.5319 
0.5193 
0.4390 
0.5802 
0.5127 


0.4960 
0.5181 
0.5286 
0.4514 
0.4093 
0.5179 
0.4678 
0.5546 
0.5716 
0.4718 
0.5343 
0.4446 
0.4996 
0.4815 
0.4554 
0.5634 


0.5269 
0.5352 
0.5332 
0.5275 
0.4599 
0.5095 
0.5160 


0.4406 
0.4250 
0.5302 
0.4837 
0.5026 
0.5059 
0.4896 
0.5266 
0.4055 
0.2516 
0.1256 
0.0813 


0.4799 
0.5426 
0.5050 
0.5052 
0.4562 
0.5497 
0.4599 


0.5557 
0.4650 
0.4498 
0.5332 
0.5442 
0.5351 
0.4911 
0.5249 
0.5143 
0.5544 
0.4596 
0.5367 
0.5051 
0.5518 
0.5052 


0.5536 
0.5284 
0.5347 
0.4316 
0.5753 
0.4984 


0.4999 
0.5157 
0.5431 
0.4658 
0.4328 
0.5105 
0.4516 
0.5514 
0.5761 
0.4635 
0.5554 
0.4601 
0.5058 
0.4762 
0.4669 
0.5534 


0.5455 
0.5292 
0.5415 
0.5102 
0.4582 
0.4848 
0.5078 


0.0894 
0.0810 
0.0873 
0.0755 
0.0769 
0.0908 
0.0717 
0.0964 
0.0649 
0.0488 
0.0028 
0.0029 


0.1069 
0.1008 
0.0927 
0.0703 
0.0924 
0.1325 
0.1431 


0.0893 
0.0982 
0.0651 
0.0878 
0.0726 
0.0839 
0.0859 
0.0980 
0.0856 
0.0715 
0.0757 
0.0792 
0.0839 
0.0764 
0.0921 


0.0731 
0.0808 
0.0820 
0.0845 
0.0865 
0.0705 


0.0804 
0.0858 
0.0813 
0.0807 
0.0802 
0.0868 
0.0806 
0.0782 
0.0951 
0.0987 
0.0792 
0.1089 
0.1090 
0.0874 
0.0856 
0.0886 


0.0877 
0.0916 
0.0766 
0.0581 
0.0754 
0.0742 
0.0964 


0.0878 
0.0836 
0.0934 
0.0714 
0.0785 
0.0830 
0.0619 
0.0977 
0.0684 
0.0497 
0.0009 
0.0000 


0.1021 
0.0874 
0.1020 
0.0715 
0.0920 
0.1080 
0.1120 


0.0908 
0.0993 
0.0676 
0.0887 
0.0746 
0.0843 
0.0825 
0.0992 
0.0813 
0.0685 
0.0757 
0.0773 
0.0842 
0.0782 
0.0893 


0.0747 
0.0829 
0.0811 
0.0847 
0.0861 
0.0698 


0.0829 
0.0883 
0.0794 
0.0840 
0.0815 
0.0870 
0.0798 
0.0786 
0.0967 
0.0989 
0.0780 
0.1087 
0.1104 
0.0876 
0.0848 
0.0887 


0.0888 
0.0908 
0.0773 
0.0578 
0.0768 
0.0726 
0.0963 


0.0946 
0.0837 
0.0901 
0.0780 
0.0753 
0.0833 
0.0670 
0.1038 
0.0662 
0.0460 
0.0035 
0.0050 


0.0999 
0.1054 
0.0956 
0.0761 
0.1002 
0.1286 
0.1291 


0.0701 
0.0952 
0.0677 
0.0888 
0.0768 
0.0800 
0.0786 
0.0942 
0.0859 
0.0706 
0.0629 
0.0750 
0.0813 
0.0671 
0.0852 


0.0768 
0.0687 
0.0732 
0.0851 
0.0869 
0.0650 


0.0766 
0.0862 
0.0845 
0.0717 
0.0731 
0.0901 
0.0739 
0.0857 
0.0862 
0.1018 
0.0763 
0.0969 
0.1090 
0.0848 
0.0909 
0.0873 


0.0864 
0.0870 
0.0811 
0.0654 
0.0734 
0.0851 
0.0910 


0.0913 
0.0806 
0.0881 
0.0785 
0.0776 
0.0887 
0.0730 
0.0941 
0.0641 
0.0519 
0.0028 
0.0045 


0.1100 
0.1036 
0.0901 
0.0676 
0.0910 
0.1328 
0.1946 


0.0888 
0.0969 
0.0644 
0.0868 
0.0727 
0.0845 
0.0856 
0.0968 
0.0842 
0.0719 
0.0761 
0.0789 
0.0844 
0.0748 
0.0927 


0.0743 
0.0799 
0.0813 
0.0843 
0.0861 
0.0705 


0.0804 
0.0861 
0.0829 
0.0820 
0.0787 
0.0872 
0.0800 
0.0790 
0.0949 
0.0979 
0.0785 
0.1101 
0.1089 
0.0882 
0.0853 
0.0880 


0.0888 
0.0911 
0.0757 
0.0590 
0.0752 
0.0735 
0.0964 


925 @ 3 3 (0,1) (0,1) (-10,1) 
926 {-5,1) 
927 (-2,1) 
928 (=151) 
929 (-.5,1) 
930 (-.2,13 
931 (-.1,1) 
932 (0,1) 
933 (.1,1) 
934 (.251) 
935 (551) 
936 (1,1) 
937 (2,1) 
938 (5,1) 
939 (10,1) 
940 (0,1) (0,1) (O0,.1) 
941 (0,.2) 
942 (0,.5) 
943 (0,1) 
944 (0,2) 
945 (0,5) 
946 (0,10) 
947 3 2 (0,1) (0,1) (-10,1) 
948 (-5,1) 
949 (-2,1) 
950 (-1,1) 
951 (-7551} 
952 (= S251) 
953 (-.1,1) 
954 (0,1) 
955 (.1,1) 
956 (.2,1) 
957 (.5,1) 
958 (1,1) 
959 (2,1) 
960 (5,1) 
961 (10,1) 
962 (O,1; (0,1) (O0,.1) 
963 (0,.2) 
964 (0,.5) 
965 (0,1) 
966 (0,2) 
967 (0,5) 
968 (0,10) 
969 G4 G EXP(.1) EXP(.1) EXP(.1) 
970 {.2) (2) 2) 
971 to) (.5) (.5) 
972 (1) (1) (1) 
973 (2) (2) (2) 
974 (5) (5) (5) 
975 (10) (10) (10) 
976 (1) (1) 1) 
977 (.2) 
978 (.5) 
979 (1) 
980 (2) 
981 (5) 
982 (10) 
983 S45 Ge) C3) (.1) 
984 (.2) C.23 (<2) 
985 (.5) {.5) {.5) 
986 (1) (1) i 
987 (2) (2) (2) 
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.0092 0.0000 
.0082 0.0015 
-0909 0.0899 
-2974 0.2986 
-4867 0.4912 
-5438 0.5489 
-4943 0.5010 
-5220 0.5203 
-5092 0.5056 
-5196 0.5094 
-3996 0.4006 
-3547 0.3504 
.0830 0.0810 
.0092 0.0007 
.098¢ 0.0000 
-6028 0.5932 
-5340 0.5306 
-5509 0.5455 
.4305 0.4288 
-5776 0.5716 
-4127 0.4032 
-5010 0.5027 
-0150 0.0001 
.0187 0.0082 
- 1464 0.1432 
-3168 0.3197 
-4469 0.4408 
-4486 0.4432 
-5448 0.5462 
-5750 0.5725 
-4590 0.4600 
.5387 0.5306 
-4335 0.4273 
tle 0.3777 
-1691 0.1671 
-0153 0.0039 
-0148 0.0001 
- 5838 0.5742 
-6394 0.6351 
-5520 0.5493 
-5111 0.5092 
-3941 0.3978 
-3365 0.3490 
-3341 0.3520 
-4686 0.4559 
-4554 0.4394 
-5336 0.5224 
~5517 0.5465 
-4813 0.4760 
-5350 0.5189 
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0.4519 
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0.0869 
0.0982 
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0.0944 
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0.0680 


0.1540 
0.1443 
0.0948 
0.0831 
0.0982 
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0.0992 


0.0856 
0.0750 
0.0842 
0.0788 
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.0589 
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(2,19 
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(1,2) 
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(.2,1) 
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(.1,1) 
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(.5,1) 
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0.4746 
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0.5744 
0.5176 
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0.5067 
0.4756 
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~4385 
-4580 
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0.5714 
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0.4747 
0.4611 
0.5563 
0.5463 
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0.4055 
0.4578 
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0.5064 
0.4265 
0.4637 
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0.5296 
0.4885 
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0.4473 
0.4433 
0.5218 


0.5619 
0.5006 
0.5554 
0.4858 
0.4747 
0.5284 
0.4760 


0.4688 
0.4640 
0.4296 
0.4381 
0.5644 
0.5039 
0.3828 


0.4706 
0.5024 
0.4982 
0.5403 
0.5538 
0.4809 
0.4957 


0.5218 
0.5277 
0.4927 
0.4441 
0.5293 
0.4453 
0.5025 


0.5333 
0.4684 
0.4448 
0.4663 
0.5166 


0.6041 
0.5286 
0.5109 
0.5296 
0.4367 
0.5091 
0.4842 


0.4794 
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0.4689 
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0.4874 
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0.4403 
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0.5054 
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0.5846 
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0.4944 
0.5502 
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0.5255 
0.4560 
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0.5013 
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0.5257 
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0.5412 
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0.4746 
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0.0836 
0.0821 
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0.0869 
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0.0774 
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0.1074 
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0.0889 
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0.0775 
0.0935 
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0.0943 
0.0887 
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0.0850 
0.0641 


0.0603 
0.0802 
0.0963 
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0.0841 
0.0832 
0.0987 
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0.0855 
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0.0545 
0.0853 
0.0876 
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0.1004 
0.0914 
0.1031 
0.0892 
0.0762 
0.0765 


0.0962 
0.0980 
0.0849 
0.0869 
0.0821 


0.0772 
0.0691 
0.0870 
0.0717 
0.0642 
0.0729 
0.0638 


0.0354 
0.0447 
0.0627 
0.0579 
0.0905 
0.0708 
0.0906 


0.0800 
0.0638 
0.0646 
0.0685 
0.0744 
0.0707 
0.0525 


0.0145 
0.0344 
0.0501 
0.0804 
0.0714 
0.0770 
0.0949 


0.0689 
0.0618 
0.0675 
0.0790 
0.0793 
0.0788 
0.0615 


0.0193 
0.0423 
0.0793 
0.0644 
0.0714 
0.0721 
0.0823 


0.0768 
0.0722 
0.0763 
0.0860 
0.0472 
0.0687 
0.0792 


0.0242 
0.0437 
0.0611 
0.0932 
0.0895 
0.0775 
0.0726 


0.0893 
0.0779 
0.0748 
0.0795 
0.0709 


0.0698 
0.0692 
0.0794 
0.0751 
0.0764 
0.0836 
0.0647 


0.1017 
0.1044 
0.0781 
0.0765 
0.0778 
0.0817 
0.0844 


0.0955 
0.0869 
0.0730 
0.0911 
0.0806 
0.0784 
0.0706 


0.0823 
0.0992 
0.0925 
0.0604 
0.0710 
0.0720 
0.0840 


0.0733 
0.0452 
0.0672 
0.1057 
0.0721 
0.0909 
0.0629 


0.0846 
0.1010 
0.0884 
0.0712 
0.0715 
0.0660 
0.0673 


0.0919 
0.0794 
0.0867 
0.0870 
0.0722 
0.0750 
0.0920 


0.0762 
0.0951 
0.0796 
0.0958 
0.0816 
0.0726 
0.0703 


0.1071 
0.0997 
0.0797 
0.0774 
0.0896 


0.0916 
0.0799 
0.0838 
0.0826 
0.0759 
0.0867 
0.0778 


0.1416 
0.1381 
0.0728 
0.0668 
0.0992 
0.0883 
0.1033 


0.0862 
0.0783 
0.0770 
0.0758 
0.0892 
0.0812 
0.0602 


0.0841 
0.1074 
0.0930 
0.0887 
0.0693 
0.0777 
0.0937 


0.0732 
0.0711 
0.0961 
0.0883 
0.0929 
0.0852 
0.0646 


0.0601 
0.0812 
0.0946 
0.0712 
0.0842 
0.0825 
0.0972 
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0.0856 
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0.0936 
0.0552 
0.0871 
0.0859 
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0.0997 
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0.0882 
0.0771 
0.0763 
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0.0971 
0.0854 
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0.4873 
0.5389 


0.2383 
0.3140 
0.3696 
0.4745 
0.5126 
0.5626 
0.5588 


0.5615 
0.5468 
0.4795 
0.4597 
0.5039 
0.4673 
0.4720 


0.4616 
0.5524 


0.4447 
0.4770 
0.3474 
0.5118 
0.5168 
0.5600 
0.5097 


0.5773 
0.5128 
0.5264 
0.5006 
0.4998 
0.4516 
0.4599 
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4941 
- 5544 


En25 
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. 5320 
-5789 
-5702 
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-0745 
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.0695 


.0281 
.0416 
.0500 
.0656 
.0650 
.0734 
.0746 


.0611 
-0947 
.0531 
0683 
.0755 
.07764 
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.0749 
.0803 


~1201 
to 
.0731 
.0755 
.0750 
-0891 
.0787 


.0757 
.0835 
.0784 
0856 
. 1056 
-0892 
-0700 


0.0720 
0.0779 


0.0355 
0.0535 
0.0596 
0.0740 
0.0739 
0.0788 
0.0841 


0.0684 
0.1043 
0.0645 
0.0761 
0.0860 
0.0874 
0.0717 


NUMBER CF ITERATIONS: 
SAMPLE DISTRIBUTION: 


SAMPLE 
SIZES 


CASE 1 2 3 


1305 2 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 
1320 
2528 
1322 
1323 


1324 3 
1325 
1326 
1327 
1228 
1729 
1330 
1331 
1332 
1333 
133% 
1335 
1336 
1337 
1338 
1339 
1340 
1341 
1342 


1343 4% 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1351 
1352 
1353 
1354 
1355 
1356 


2 


4 


2 


p 


200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 


ANOVA APPROAIMATE TEST 


R 


0.5107 
0.5333 
0.5000 
0.4600 
0.5640 
0.5400 
0.4880 
0.5520 
0.5773 
0.5533 
0.5449 
0.4693 
0.5227 
0.5013 
0.5040 
0.5267 
0.5688 
0.5053 
0.5453 


0.5176 
0.4715 
0.5566 
0.5266 
0.5278 
0.4971 
0.5461 
0.5516 
0.4421 
0.4595 
0.5464 
0.5525 
0.4419 
0.5340 
0.4721 
0.4378 
0.5346 
0.5466 
0.4709 


0.5439 
0.4470 
0.5044 
0.5313 
0.5617 
0.5188 
0.4660 
0.5048 
0.5151 
0.5222 


0.5636 
0.4731 
0.5429 
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APPENDIX F 


N(0O,1) 


AVERAGES 


F 


0.4718 
0.5063 
0.4585 
0.4281 
0.5282 
0.5021 
0.4509 
0.5043 
0.5424 
0.5183 
0.5072 
0.4423 
0.4695 
0.4663 
0.4732 
0.4986 
0.5281 
0.4649 
0.5051 


0.5102 
0.4711 
0.5540 
0.5270 
0.5241 
0.4974 
0.5431 
0.5582 
0.4369 
0.4627 
0.5464 
0.5527 
0.4374 
0.5383 
0.4727 
0.4366 
0.5264 
0.5451 
0.4672 


0.5409 
0.4480 
0.5028 
0.5298 
0.5631 
0.5209 
0.4688 
0.5041 
0.5124 
0.5222 
0.4831 
0.5579 
0.4745 
0.5424 


K 


0.4696 
0.5032 
0.4672 
0.4248 
0.5045 
0.5159 
0.4504 
0.4970 
0.5470 
0.5277 
0.5123 
0.4330 
0.4985 
0.4539 
0.4816 
0.4975 
0.5372 
0.4685 
0.5326 


0.5375 
0.4904 
0.5402 
0.5211 
0.5263 
0.50460 
0.5487 
0.5237 
0.4540 
0.4540 
0.5516 
0.5501 
0.4245 
0.5138 
0.4510 
0.4197 
0.5422 
0.5645 
0.4619 


0.5429 
0.4343 
0.4994 
0.5205 
0.5639 
0.5215 
0.4478 
0.4986 
0.5089 
0.5334 
0.4897 
0.5232 
0.4735 
0.5489 


A 


0.4912 
0.5207 
0.4864 
0.4356 
0.5470 
0.5208 
0.4630 
0.5356 
0.5568 
0.5326 
0.5243 
0.4528 
0.5043 
0.4804 
0.4853 
0.5044 
0.5477 
0.4833 
0.5263 


0.5209 
0.4678 
0.5565 
0.5215 
0.5257 
0.4940 
0.5493 
0.5468 
0.9414 
0.4575 
0.5468 
0.5492 
0.4407 
0.5300 
0.4732 
0.4360 
0.5345 
0.5469 
0.4702 


0.5476 
0.4488 
0.5067 
0.5250 
0.5613 
0.5203 
0.4668 
0.5042 
0.5172 
0.5204 
0.4840 
0.5632 
0.4734 
0.5442 


84 


R 


0.0692 
0.0798 
0.0668 
0.0659 
0.0641 
0.0790 
0.0841 
0.0833 
0.0865 
0.0697 
0.0841 
0.0883 
0.1022 
0.0713 
0.0646 
0.0875 
0.0768 
0.0693 
0.0778 


0.0771 
0.0853 
0.0745 
0.0926 
0.0947 
0.0785 
0.0786 
0.0822 
0.0876 
0.0742 
0.0811 
0.0671 
0.0833 
0.0885 
0.0789 
0.0736 
0.0797 
0.0838 
0.0844 


0.0789 
0.1017 
0.0754 
0.0804 
0.0772 
0.0821 
0.0859 
0.0825 
0.0846 
0.0787 
0.0886 
0.0850 
0.0733 
0.0830 


VARIANCES 


F 


-0795 
-0771 
-0672 
.0660 
.07%7 
-0817 
-0797 
0893 
0886 
.0801 
-0870 
.0928 
-0977 
.0738 
.0307 
0866 
.0787 
.0731 
-0713 


ooo0oo0o0eoooncoqoeooo0o°0°o0o0oeo 


.0800 
.0864 
-0756 
-0961 
-0928 
-0770 
.0815 
0838 
-0822 
0751 
.0808 
-0671 
0853 
.0915 
.0818 
.0735 
.0778 
0856 
.0859 
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.0780 
1039 
-0733 
.0809 
.0773 
0824 
0834 
0831 
- 0833 
.0778 
-0882 
0847 
-0740 
0.0820 


ooo0oo0oooo0oo0o0o0°9ce°dceo 


K 


0.0725 
0.0876 
0.0744 
0.0728 
0.0703 
0.0833 
0.0840 
0.0862 
0.0891 
0.0862 
0.0853 
0.0867 
0.1007 
0.0756 
0.0753 
0.0929 
0.0803 
0.0709 
0.0836 


0.0735 
0.0772 
0.0729 
0.0886 
0.0846 
0.0825 
0.0726 
0.0725 
0.0903 
0.0765 
0.0747 
0.0660 
0.0835 
0.0886 
0.0756 
0.0657 
0.0822 
0.0760 
0.0707 


0.0832 
0.0841 
0.0671 
0.0790 
0.0752 
0.0779 
0.0802 
0.0818 
0.0728 
0.0744 
0.0766 
0.0744 
0.0677 
0.0845 


A 


0.0723 
0.0822 
0.0654 
0.0681 
0.0631 
0.0801 
0.0816 
0.0841 
0.0867 
0.0679 
0.0868 
0.0881 
0.0993 
0.0727 
0.0648 
0.0862 
0.0750 
0.0702 
0.0747 


0.0758 
0.0859 
0.0727 
0.0939 
0.0956 
0.0785 
0.0790 
0.0813 
0.0877 
0.0730 
0.0810 
0.6666 
0.0819 
0.0880 
0.0790 
0.0734 
0.0790 
0.0836 
0.0841 


0.0769 
0.1016 
0.0733 
0.0813 
0.0787 
0.0816 
0.0861 
0.0828 
0.0852 
0.0790 
0.0894 
0.0845 
0.0738 
0.0828 


1357 
1358 
1359 
1360 
1361 


1362 
1363 
1364 
1565 
1366 
1367 
1368 
1369 
1370 
2371 
1372 
1373 
137% 
1375 
1376 
1377 
1378 
1379 
1380 


1381 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
1389 
1390 
1391 
13.92 
1395 
1394 
1595 
13 96 
1397 
1398 
ro9 


1400 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
1411 
1412 
i413 
1414 
1415 
1416 
1417 
1418 


1419 
1420 
1421 


4 


G 


4 


3 


2 


1600 
1700 
1800 
1900 
2000 


200 
300 
400 
500 
600 
700 
809 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


200 
300 
400 


0.4354 
0.5350 
0.4658 
0.5296 
0.4737 


0.5788 
0.4439 
0.4743 
0.4935 
0.5383 
0.5192 
0.4828 
0.5029 
0.5334 
0.5365 
0.4634 
0.5694 
0.4914 
0.5443 
0.4690 
0.5599 
0.5076 
0.5152 
0.4785 


0.4629 
0.5153 
0.5244 
0.5293 
0.5642 
0.5329 
0.4831 
0.4740 
0.4449 
0.5097 
0.5007 
0.5550 
0.4457 
0.5050 
0.5003 
0.4807 
0.5749 
0.4995 
0.5142 


0.5566 
0.4677 
0.4536 
0.5327 
0.5411 
0.5371 
0.4910 
0.5220 
0.5126 
0.5532 
0.4565 
0.5337 
0.5039 
0.5499 
0.5079 
0.5544 
0.5235 
0.5328 
0.4305 


0.5407 
0.5112 
0.5167 


0.4373 
0.5335 
0.4645 
0.5280 
0.4752 


0.5782 
0.4444 
0.4735 
0.4898 
0.5385 
0.5238 
0.4893 
0.5005 
0.5314 
0.5316 
0.4637 
0.5667 
0.4932 
0.5447 
0.4666 
0.5582 
0.5044 
0.5156 
0.4757 


0.4635 
0.5188 
0.5240 
0.5241 
0.5626 
0.5316 
0.4864 
0.4723 
0.4458 
0.5076 
0.4970 
0.5537 
0.4440 
0.5051 
0.4949 
0.4798 
0.5761 
0.5016 
0.5168 


0.5599 
0.4676 
0.4544 
0.5331 
0.5400 
0.5410 
0.4989 
0.5203 
0.5080 
0.5422 
0.4555 
0.5341 
0.5066 
0.5493 
0.5069 
0.5524 
0.5231 
0.5304 
0.4288 


0.5479 
0.5106 
0.5169 


0.45%6 
0.5323 
0.4730 
0.5384 
0.4702 


0.5555 
0.4249 
0.4688 
0.4952 
0.5406 
0.5334 
0.4800 
0.4972 
0.5477 
0.5403 
0.4746 
0.5263 
0.4771 
0.5383 
0.4763 
0.5611 
0.5014 
0.5161 
0.4690 


0.4594 
0.4840 
0.5083 
0.5178 
0.5504 
0.5573 
0.5013 
0.4849 
0.4751 
0.5109 
0.4770 
0.5576 
0.4269 
0.4869 
0.5219 
0.4907 
0.5744 
0.5104 
0.5165 


0.5380 
0.4570 
0.4619 
0.5408 
0.5443 
0.5493 
0.4680 
0.5166 
0.5152 
0.5716 
0.4773 
0.5197 
0.5015 
O- 5359 
0.5007 
0.5529 
0.5327 
0.5181 
0.4390 


0.5273 
0.5328 
0.4893 


0.4381 
0.5350 
0.4658 
0.5295 
0.4747 


0.5793 
0.4471 
0.4743 
0.4944 
0.5404 
0.5201 
0.4835 
0.5023 
0.5312 
0.5351 
0.49633 
0.5683 
0.4928 
0.5466 
0.4700 
0.5603 
0.5084 
0.5129 
0.4795 


0.4678 
0.5223 
0.526% 
0.5306 
0.5651 
0.5310 
0.4830 
0.4709 
0.4447 
0.5111 
0.5028 
0.5552 
0.4455 
0.5053 
0.4991 
0.4802 
0.5763 
0.4990 
0.5137 


0.5572 
0.4711 
0.4560 
0.5327 
0.5452 
0.5371 
0.4911 
0.5202 
0.5117 
0.5527 
0.4610 
0.5337 
0.5030 
0.5494 
0.5066 
0.5557 
0.5261 
0.5350 
0.4319 


0.5382 
0.5144 
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.0969 
.0681 
.0714¢ 
.0819 
.0961 


.0790 
. 1054 
.0767 
. 0846 
.0788 
0844 
. 0883 
.0839 
.0801 
.0798 
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.0819 
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.0710 
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0880 
.0841 
.0763 
.0687 
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.0772 
.0925 
.0670 
.0736 
.0972 
.0921 


0782 


.0895 


0893 
0982 
.0651 
.0878 
.0726 
. 0839 
.0859 
.0980 
0856 
.0715 
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.0708 
.0817 
-0963 


.0781 
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.0761 
.0859 
.0802 
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. 0847 
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.0790 
.0737 
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0821 
.0797 
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.0920 
0862 
.0769 
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.0874 
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0762 
0692 
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.0679 
.0713 
.0973 
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.0676 
. 0887 
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0813 
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0.0813 
0.0735 
0.0838 


0.0970 
0.0681 
0.0708 
0.0821 
0.0956 


0.0790 
0.1063 
0.0767 
0.0814 
0.0794 
0.0839 
0.0885 
0.0826 
0.0805 
0.0804 
0.0716 
0.0819 
0.0755 
0.0748 
0.0914 
0.0763 
0.0812 
0.0804 
0.1013 


0.0924 
0.0826 
0.0734 
0.0848 
0.0701 
0.0828 
0.0869 
0.0844 
0.0767 
0.0677 
0.0808 
0.0777 
0.0934 
0.0656 
0.0735 
0.0983 
0.0918 
0.0783 
0.0896 


0.0894 
0.0991 
0.0668 
0.0865 
0.0733 
0.0859 
0.0849 
0.0984 
0.0862 
0.0710 
0.0759 
0.0797 
0.0822 
0.0756 
0.0911 
0.0737 
0.0817 
0.0821 
0.0841 


0.0887 
0.0714 
0.0858 
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5197 
5443 
- 5094 
-4347 
-4766 
-4457 
- 5230 
. 5897 
~5217 
- 4462 
-5195 
-4891 
-5431 
-4387 
-5100 
5572 


0.5251 
0.5075 
0.4970 
-4353 
4634 
-4631 
- 5300 
-5907 
-5170 
-4421 
-5062 
-4918 
.5276 
-4465 
-4984 
-5724 
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-5059 
-4389 
-4741 
-4493 
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-5909 
~5175 
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~5217 
-4908 
- 5410 
-4387 
~5099 
0.5574 
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0.0857 
0.0855 
0.0750 
0.0961 
0.0764 
0.0866 
0.0724 
0.1025 
0.0878 
0.0864 
0.0916 
0.1116 
0.0926 
0.0875 
0.0911 
0.0885 


0.0847 
0.0874 
0.0732 
0.0989 
0.0784 
0.0865 
0.0711 
0.1032 
0.0884 
0.0853 
0.0905 
0.1116 
0.0933 
0.0858 
0.0915 
0.0895 
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0.0869 
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0.0731 
0.0888 
0.0665 
0.1053 
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0.0881 
0.0809 
0.1084 
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0.0878 
0.0932 
0.0921 


0.0859 
0.0840 
0.0749 
0.0958 
0.0758 
0.0854 
0.0731 
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0.0861 
0.0933 
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